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PICOSECOND STUDIES OF TEMPERATURE AND SOLVENT EFFECTS ON
THE FLUORESCENCE FROM COUMARIN 102 AND ACRIDINEl

by

S. L. Shapiro and K. R. Winn

University of California
Los Alamos Scientific Laboratory

Los Alamos, hew Mexico 87545

ABSTRAJT

Hydrogen bonding characteristics of acridine and coul,~arin102 are

studied in different solutions, Coumarin 102 upon excitation forms a

complex in alcoholic solutions, whereas excited acridine relaxes in aprotic

and prctic solvents by a process involvir an activation energy,

work performed u!ldt~e nusplces of the U, S, I)epartment of Energy,
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by
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1. Introduction

Picosecond kirietics often provides the only way of detecting and unrav-
eling complex molecular interactions in liquids, Here we report about the
kinetics of the fluorescence from two molecules using picosecond streak
camera techniques. Upon excitation both coumarin 102 and acridine exhibit
interesting spectral dynamical behavior depending sensitively on the tem-
perature and solvent. For understanding energy dissipation in polyatomic
molecllles, the dependence cf the relaxation times on emission and ex-
citation wavelengths and upon temperature can be crucial. The behavior of
the coumarin 102 emission with temperature and solvent allows us to in-
terpret the results in terms of formation at an excited state [1.,2] hy-
drogen bonded complex between the coumarin 102 and solvent mol~cules. Th/:
dependence of the fluoresce~ce lifetime of acridine with temperature for
several solvents demonstrates that an activation energy is present and that
current models are inadequate

We have previously shown that the complete protonation kine~.ics of
coumarin 102 (2,3,5,6-lH,4H-tetrahydro-8-methyl-quinol azino [9,9a,l-gh]
coumarin), illwater can be established by varying the pH of the solution
and detecting the fluorescence emission about appropriate wavelength~ with
a str~ak camera. [3] Here we report a sclute-solvent interaction for
coum:rin 102 in different solvents regardless of the pH, tie also report
the temperature dependence of the fluorescence lifetime of acridine in
ethanol, hexane and glycerol,

2, Experimental

Purified samples (> 99,5% purity) of both coumarin 102 and acridine were
prepared by LC Labs under oxygen free conditions, Concentrations o’ pur-
Ifled samples ranged from 10 ‘3 M to 10 ‘6 M, Samples were p}*epared im-
mediately p~ior to use in oxygen free, spectral quality solvents. These
samples were contained in 2 mm quartz cuvettes designed to fit fn a quartz
dewar with high optical quality windows, The temperature could be lowered
to -80°C by means of a methanol dry ice bath that surrounded the cuvettes,
nnd could be raised to higher values by heating a min~ral bath. A ther-
mocouple was piaced inside the cu~ette near the excitation area, and ttw
output was plotted on i Brown recorder,.

work per~ti~a~auspices of the U. S, Department of Energy.
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A 1064 nm pulse was selected from the pulse train of a Nd:YAG os-
cillator+ was amplified in a NL:YAG amplifier and was frequency tripled by
means of phase matched KDP crystals. Typical energies of the single 20 ps,
355 nm excitation pulse ranged from 20-30 pJ. Fluorescence emission from
the samples was imaged onto the slit of a Hadland Photonics 675/11 streak
camera with a uv window and S-20 spectral response. Interference filters
et 420, 435, or 450 nm (f 8 nm to 10% transmission points) were used to
isclate the blue edae emission at coumarin 102. whereas a Cornina 2-60
filter was used to is;late the reciedge emission. ‘ A 450
for acridine samples.

3. Results

The temporal emission characteristics of spectral bands
ethanol are shown in Fig, 1, The strong dependence of
sion with temperature is displayed in Fig, la through
perature

nm filter wa~ used
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Fig. 1 Temporal display of fluorescence of coumarin 102 in ethanol
a)-+ l“c b)”-3~°C ~;”-7jOC

is lowered, the decay time of the selected blue edge spectral band ifl-
creases. An Increase in the corresponding risetime for the red edge emis-
sfon Is observed as well. The formation of the red edge emission is con-
sistent with the failtime of the klue spectral band, The fluorescen~e
decay of the blue spectral band can be fit with an expo~ential, except for
a small back~round component with a lifetime of sev?ral nanoseconds,

The measured decay time for the blue edge emission for three normal
alcohols is plotted versus tte parameter q/T in Fig, 2, where q is the
Vtscosity, For these normal slcohol~, the relationship Letween T and rl/1
Is nearly linear with the same proport,{on,?litvconstant,
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For all
ese normal alcohols, the lot is nearly linear with the same proporj’

!tiOl?ality Constant, % lo<2cln , as indicated by ~a~~pd line

Our measurements of the temperature dependence of the fluorescenc~
lifetime of acridine in ethanol, glycerol, and hcxane &re plotted in fig. 3.

Fi ,
+

~ Variatiun of decay rate with
ernpcrature for acridine in ethanol,
hexane, and ~lycerol, Wavelength of
observatlnn 1s 450 nm, Solid line
fit described in text
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On a semi-logarithmic plot, the decay rate as a function of the invprse of
the te~perature is clearly a straight line for all three solvents over the
region most affected tJy thermal processes. Moreover, all three lines are
conspicuously parallel, their slopes being the same within experimental
error, Our temperature data can be fit with curves of the form k = k (77K)
+ klexp(-E/kT), where for ethanol k~ = 2 x 10s see-l, k’ = 0.97 x 10]Q see-l
and E “= 1.205 cm-~, and for hexane”k = 6.7 x 108 see-l, k’
see-l and E = 1291 cm-l, and for gly!erol k’ = s 0.55 x 1012
1225 cm-l.

4, Discussion

Results in coumarin 102 are consistent with the formatior,

= 1.2 x 1013
see-l and E ~

of a hvdroaen
bonded complex in the excited state. Upon excitation a dipolar spe;ies”is
known to be created,[4] and consequently hydrogen bonding of the hydroxyl
group of a solvent molecule with the negatively charged carboxylic oxygen
group of the solute molecule is likely. A simple kinetic analysis predicts
the essential temporal features. [2] If we identify the falltime of the
blue edge emission and the risetime of the red edge emission with the
formation time for an excited state complex, then it follows from Fig, 2
that the fcrmation time must be proportional to q/kT. According to a
simple hydrodynamic model of molecular reorientation, the orientational
relaxation time is given by qV/kT where V is the molecular vclume.[5,6]
Because the formatfon time is proportional to q/kT and the proportion;ility
constant of 1042 cms is close to the Ilydrodynamic volume of coumarin 10Z,
our d~ta suggest that the formation time can be identified with the ori-
entaticnal relaxation time. Thus the formation of such a complex is lim-
ited IUy the orientational response, Related measurements on time-resolved
emission and absorption bands have also been reported in the picosecond
regime, [7-10]

O~r results for acridine in both protic and aprotic liquids yield about
the same activation energy, Although our measurements are consistent with
previous picosecond measurements at rocm temperature [11-14] and are con-
sistent witn an important role for hydrogen bonding,[Jl,12] our data as a
function of temper~ture prqvides additional information that.appears to be
inconsistent with a moc)el[15] used to describe earlier results[ll,l?] in-
volving only a variation ir~the splitting of the nn~ and nn* state.,

According to this model,[15] part of the spectral behavio: rp~olves
about the role of nrr* ~nd rrn* states which can be in close proximity in
nitrogen heterocyclics and can interact through ~ibronic coupling. [16]
The gap between the nn* and WI* states should depend upon the solvent,
and therefore affect the electronic vibronic coupling, [15] Because the
activation energies appear to be the same in all thr~e solvents in spite
of their hydrogen bonding characteriti;tics,a new IMChdni50! must be invoked,
A possibility includes quantum mechanical tunneling due to the presence of
distortion of the upper electronic state cause by the electronic-vibrunic
interaction of closely separated states, Frunck-Condon overlaps may become
poorer leading to the necessity of tunneliog through a harrier prior to
deac?.ivation. A second possibility, however, is the presence of & higher
lying level through which the deactivation proceeds, fn a simiiar manner
as proposed for isoquinoline, [17]
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